ABSTRACT Economic injury levels for the leaffolder Cnaphalocrosis medinalis Guenee on rice variety IR36 were determined as based on percentage of leaves damaged and on number of larvae per plant. The economic injury level based on larval density was indirectly estimated by measuring the yield loss at different levels of artificial defoliation and determining the number of larvae per plant required to cause a given percentage of defoliation. The established economic injury levels at the heading stage were 4.2% damaged leaves and 1.3 larva per plant.
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THE RICE LEAFFOLDER, Cnaphalocrocis medinalis, is distributed throughout South and Southeast Asia, China, the Malagasy Republic, Japan, and the South Pacific Islands (Grist and Lever 1969) . The larvae damage the leaves by removing the green tissue from within the folds. It is a sporadic pest. Leaffolder infestations were extremely severe in the northern part of Vietnam in 1981 (Heinrichs, unpublished data), and outbreaks have been reported in North Bengal, India (Chatterjee 1979) , and Southwestern Japan (Hirao 1981) . This pest appears to have become increasingly important with the spread of high-yielding rice varieties and accompanying changes in cultural practices. Improperly applied insecticides and high fertilizer rates cause increases in leaffolder populations (Dhaliwal et al. 1979) . Infestation usually occurs during the reproductive stage of crop growth.
Because of the increasing importance of this pest, management tactics are being developed by the International Rice Research Institute (IRRI) and by national rice research programs. Initial evaluation of a small portion of the IRRI germplasm collection has identified a few varieties with moderate levels of resistance to the leaffolder. The evaluation program is continuing and additional sources of resistance have been identified (Heinrichs, unpublished data), but to date, no resistant varieties have been released for commercial cultivation. Thus, the application of insecticides is the major control tactic presently employed. Techniques are available to efficiently evaluate insecticides for leaffolder control, and numerous insecticides providing effective control have been identified (Heinrichs and Valencia 1980) . Only preliminary studies have been conducted to determine the leaffolder population or extent of leaf damage at which insecticide application is necessary. In greenhouse studies conducted at IRRI, grain weight was significantly reduced when four leaves per plant were damaged at heading (Heinrichs et al. 1979 ). Ten to 15% damaged leaves before grain filling has been suggested as an economic threshold in India (Kulshrestha 1976) , whereas Chiang (1977) reported threshold of 10 eggs or 20 damaged leaves per 1,000 plants.
Artificial defoliation has been used to simulate damage by rice foliage feeders. Artificial defoliation of 100% had no effect on yields of variety IR36 when leaf removal was done early in crop growth (Heinrichs and Viajante, unpublished data) . Bowling (1978) found that defoliation of 25 and 50% caused 3 and 8% yield loss, respectively, in the seedling stage and 5 and 12% in the tillering stage. Rice and his colleagues (1982) artificially defoliated several commercially grown California varieties late in the crop season (about 1 month before heading) to simulate armyworm, Pseudaletia unipuncta damage. Artificial defoliation of 100 and 50% significantly reduced yields by about 70 and 40%, respectively. Twenty-five percent defoliation had no effect. In the same study, natural defoliation of 25 to 30% by armyworm feeding resulted in yield reductions of 3 to 50%, depending on variety, but did not significantly alter the percentage of unfilled grains. Yield reduction was attributed to a decrease in number of grains per plant.
Because of its high yield potential, short growth duration, and resistance to disease and leaf-and planthoppers, IR36 is a popular variety in Southeast Asia and is currently grown on 15 million ha, primarily in Indonesia, the Philippines, and Vietnam. In the Philippines, more than 70% of the lowland rice area is planted with IR36. To control the leaffolder on IR36, insecticides are either applied as a scheduled preventative or when leaffolder damage is already visible. Neither of these current 439 Within a column, means followed by a common letter are not significantly different at the 5% level, by Duncan's multiple range test. Damage rating is based on damaged leaves: 1 = one-third of leaf area scraped; 2 = one-third to one-half of leaf area scraped; and 3 = > one-half of leaf area scrapea approaches is satisfactory in a pest management context. The insecticides applied for leaffolder control can induce low levels of brown planthopper, Nilaparvata lugens, resurgence on N. lugensresistant varieties and thus possibly accelerate the rate of N. lugens biotype selection (Reissig et al. 1982) . The problem of biotype selection, the need to decrease the expenditure on inputs, and the environmental and safety hazards related to insecticide use have indicated the need to establish leaffolder economic injury levels (EILs) for insecticide applications. This study was conducted to determine the effects of leaffolder feeding and simulated leaffolder damage on yield components of IR36 and to establish EILs for leaffolder attack at the booting and heading stages.
Materials and Methods
Two approaches were followed in the development of EILs-percentage of leaves damaged and larval density.
Percent Damaged Leaves. The test was conducted during the wet season, June to September, 1981. Seedlings were transplated in a lowland irrigated held at 21 days after sowing (DAS) at a spacing of 25 by 25 cm. Each treatment consisted of 36 plants in plots 1.5 by 1.5 m. After transplanting, each plot was enclosed in a fiber glass screen cage which remained until harvest. Moths were released into the cages for oviposition at 55 DAS so that maximum larval damage would occur 20 days later, at 75 DAS (heading). To obtain different levels of damage moths were released at the rate of 2, 4, 6, 9, 12, and 15 pairs (male and female) per cage. Cages without moths served as controls. Each moth level was replicated four times. A 25% solution of honey in water was provided as a source of sugar for the moths. The four levels of larval damage were obtained by lumping data from the different damage ranges regardless of the number of moth pairs released in each cage. Thus, 2.2% indicated the average damaged leaves per plant from plots with a 1 to 10% damage range. At 25 to 30 days after moth infestation when the larvae had pupated, the numbers of damaged and undamaged leaves were counted. Damaged leaves were rated for extent of damage on a scale of 1 to 3, based on the Standard Evalution System (IRRI 1980) . At harvest, total tillers, numbers of nonproductive tillers (without panicles), and panicle number were recorded. The panicles were harvested and threshed by hand. Total number of filled and unfilled grains was recorded. Moisture was adjusted to 14%, and yield was expressed in grams per plant.
A simple linear regression was used to analyze percent leaves damaged -yield loss data. The regression model used was Y = a + bX, where Y is the expected yield per square meter, a is the yield of uninfested plants (control), b is the linear regression coefficient or slope of the line indicating the change in yield for each unit change in leaf damage, and X is the percent damaged leaves per plant. The calculations of Stone and Pedigo (1972) were used to determine the EIL as based on percent damaged leaves.
Larval Density. A theoretical EIL based on larval density was established by integrating data on the extent of yield loss of artificially defoliated plants, total leaf area per plant and per square meter, and leaf area destroyed by one leaffolder larva. To simulate leaffolder damage, seedlings were transplanted in the field during the dry season, January 1981, at a spacing of 25 by 25 cm in plots 1.5 by 1.5 m. Treatments consisted of four levels of artificial defoliation (0, 25, 50, and 75%) of each leaf on a plant and two plant ages at time of defoliation (65 and 75 DAS). Each treatment was replicated four times. Plants were defoliated with scissors. Measurement of yield components was similar to that described for the test on percent damaged leaves.
To determine leaf area consumed (cm 2 ) by one larva, 20 plants were grown in the greenhouse. One lst-instar larva was placed on each plant at about 40 DAS and allowed to feed. At pupation, damaged leaves were removed and the damaged portion was traced on tracing paper. The tracing paper was then placed over graph paper (1-mm 2 grid), and the number of squares was counted and converted to square centimeters.
Total leaf area per plant was determined by removing field-grown plants at two ages (65 and 75 DAS) and taking them to the laboratory. Leaves were then removed and run through a Hayashi Denkoh (model AAM-7) leaf area meter, and area was expressed in square centimeters per plant. Calculations to determine the EIL as based on percent defoliation, larvae per plant and larvae per square meter were the same as those described for the experiment on percent damaged leaves.
Results Percent Damaged Leaves. Although percent damaged leaves was lower than desired, significant yield differences occurred (Table 1) . Yield was significantly decreased at 17.5% damaged leaves, resulting in 16.5% yield loss, and a 21.3% yield loss occurred with 26.6% damaged leaves. Of the various yield components recorded, yield loss was attributed partially to an increase in percent unfilled grains.
The regression line for yield on percent damaged leaves is negatively linear (Fig. 1) . The EIL based on percent damaged leaves was calculated by using the amount of yield reduction by the leaffolder, the cost of chemical control, and the market price of rough rice as based on 1981 prices. BPMC (2-sec-Butylphenyl-N-methyl-carbamate) at 0.75 kg (AI) per ha is currently one of the insecticides recommended for leaffolder control in the Philippines. Two spray applications at the cost of $29.30/ha (U.S. dollars) ($23.30 for the insecticide 4-$6.00 application cost) are considered adequate for effective control (Heinrichs and Valencia 1980) . Market price of rough rice in the Philippines was $0.15/kg. The amount of yield loss that constitutes the minimum economic damage is referred to as the "gain threshold" (Gth) and is calculated as: damaged leaves per plant or number of damaged leaves per square meter that reduce yield by 195.3 kg/ha. This amount is the required gain per hectare to pay for the cost of the insecticide applications to control the leaffolder. The 195.3-kg/ha Gth represents 3.2% of the yield of the uninfested control. The percentage of leaves damaged per plant that causes 3.2% yield loss as interpolated from the regression line (Fig. 1) is 4.2%. This is equivalent to 31.7 damaged leaves per square meter, because the mean number of leaves per square meter was calculated to be 754.
Larval Density. Calculations of theoretical EILs based on larval density were determined by integrating data on the artificial defoliation-yield loss relationship, Gth, leaf area consumed by larvae, and the leaf area of IR36. Yield components of IR36 as affected by artificial defoliation at 65 and 75 DAS are given in Table 2 . All defoliation levels significantly decreased grain yield, and yield losses in the 65 and 75 DAS treatments were similar.
Yield losses were attributed to an increase in the nonproductive tillers and unfilled grains, and a decrease in the total number of grains and grain weight. Panicle number was also decreased at 65 DAS, but not at 75 DAS, because panicles had already emerged by that time. The prediction equations for yield loss were Y = 510.8 -3.85X for 65 DAS and Y = 452.7 -4.09X for 75 DAS (Fig. 2) .
The leaf area consumed by one larva from hatching to pupation ranged from 81.0 to 152.8 cm 2 (Table 3 ). The total leaf surface area of IR36 , respectively (Table 4) .
The EIL for larval density was calculated as follows.
(a) The Gth was computed as described under percent damaged leaves which was 195.3 kg of rough rice per ha.
(b) The amount of defoliation necessary to cause a yield loss of 195.3 kg/ha (Gth) was calculated by substracting the Gth from the yield of the uninfested controls in the 65-and 75-DAS treatments and interpolating the percent defoliation from the regression line established in the artificial defoliation experiment (Fig. 2) . Absolute defoliation necessary (cm 
Discussion
The percent yield loss in relation to the percentage of leaves damaged by the leaffolder was similar to the yield loss caused by artificial defoliation. When 27% of the leaves were damaged by the leaffolder at 75 DAS, 21% yield loss occurred (Table 1) . Artificial defoliation of 25% of 75 DAS caused a 25% yield loss (Table 2 ). This indicates that artificial defoliation is a reliable method for determining yield losses by the leaffolder. It also indicates that, although the leaffolder folds the leaf and scrapes only a portion of the surface, the ability of the leaf to contribute to grain production is limited in a way similar to being entirely removed. Thus, a given percentage of leaves damaged has an effect on grain yield similar to an equal percentage of leaf area removed.
Because the EILs were similar at 65 and 75 DAS EILs of >1.5 larvae per plant or >5% leaves damaged are suggested for the reproductive stage of IR36 as based on 1981 prices. As costs of insecticide and market value of rice changes, EILs can be recalculated based on the yield loss data presented. It is expected that the EIL for other highyielding rice varieties would be similar to that of IR36, but this should be determined before using the IR36 data as a recommendation for leaffolder management on those varieties.
Counting of leaffolder larvae on plants is difficult. However, determining percent damaged leaves is a practical method which can be taught to farmers and used in a monitoring program. Thus, an EIL of >5% damaged leaves is suggested.
